Summary : We implemented a statistical model into our protein interaction database for validation of two-hybrid assays of Helicobacter pylori, and prediction of putative protein interactions not yet discovered experimentally. To present the enormous amount of experimental and inferred protein interaction networking maps, the H. pylori Database of Protein Interactomes (hp-DPI) is developed with a succinct yet comprehensive visualization tool integrated with annotation from Genbank, GO, and KEGG. hp-DPI, is first built with, but not limited to, H. pylori protein interactions and is expected to naturally include other organisms' protein interacting relationships in the future.
Introduction
Domains are recognized as functional blocks of compact protein structure typically with a hydrophobic core (Copley et al., 2002) , usually evolutionarily conserved, and therefore, are employed by current protein domain databases, such as Pfam (Bateman et al., 2002) , PROSITE (Falquet et al., 2002) , PRINTS-S (Attwood et al., 2000) , Prodom (Fabian et al., 1997) , and SMART (Letunic et al., 2004) , to describe possible functions of a predicted novel gene product. Based on these thoughts, Pawson and Nash (2003) proposed to assemble cell regulatory systems through protein interacting domains which frequently lineated in a cassette-like fashion within regulatory proteins, contributing versatile functions to a protein. This study utilized recent knowledge and advances in protein domains as a strategy to predict the protein interacting network from the insight of domain interactions.
Helicobacter pylori is a human pathogen, found in the gastric mucus layer or attached to the gastric epithelium. It is recognized as a causative agent of gastric diseases ranging from gastritis, peptic ulcer disease, to cancer. Besides of its high infection rate of 40-60% of the world population, the correlation between chronic lesions caused by infection and the incidence of gastric cancer have drawn enormous scientific work in elucidating the virulence and pathogenesis of H. pylori.
Our task in this study is to establish an integrated on-line service of experimental and predicted H. pylori protein interaction database incorporated with comprehensive annotation. Protein interactions are accessed from their domain interactions with the assistance of protein domain scanning tools to define specific protein-domain relationship and a statistical method to estimate the probability of domain associations. These domain interactions were then employed to infer putative interacting partners among all annotated ORFs from H. pylori genome.
Similar analyzing tools and visualization systems are available. BIND (Bader et al. 2003) incorporates a map viewer called SPREY, which solely gives maps by single IDs, no alias allowed, no gene annotation attached either. JDIP (Xenarios et al., 2002) , a stand-alone Java application for DIP, works in a similar way as well. Detailed annotation is absent in other network viewing systems, such as VisAnt (Hu et al., 2004) , Osprey (Breitkreutz et al., 2003) InterViewer3 (Ju and Han, 2003) , Pajek (Batagelj and Mrvar, 2001) and Tulip (David, 2001 ). The only interaction database for H. pylori is "*PIMRider® H. pylori database" of Hybrigenics S.A. This database contains the same experimental data set as hp-DPI, manual annotation which is only partially done, and a network viewing system. As a commercial package, it requires a licensing procedure before access.
hp-DPI on the other hand, performs as a convenient user-friendly interface integrated with rapid graphical networking maps plus instant and comprehensive gene annotation. Along with the predictive power, we believe that the potential interacting partners to bio-medically targeted protein provided by this service can shed some light on the path of effective treatment of H. pylori-related human diseases. *available at http://pim.hybrigenics.com/pimriderext/common/AnnotationRules.jsp
System Implementation
To introduce a user-friendly graphical interface, the Helicobacter pylori Database of Protein Interactomes (hp-DPI) is built with so-called LAMP system (Linux Mandrake 9.1, Apache 2.0, MySQL 4.0, and PHP 4.0). Annotation of each protein and domain in hp-DPI come from GenBank (NC_000915), GO (Camon et al., 2003) , and KEGG (Kanehisa et al., 2004) .
The H. pylori proteome data we used in this approach is based on the data published by Tomb et al (1997) , in which 1,716 domains were identified from 1,496 proteins by InterProScan (version 3.2) and InterPro member-database (release 6.1, Zdobnov and Apweiler, 2001 ); 1,462 interactions from a recent study of two-hybrid analysis (Rain et al., 2001) were introduced as observed interactions.
Measures of association for all possible domain-domain pairs are adopted from the "log-odds value" introduced by Sprinzak and Margalit (2001) to detect over-represented pairs of domains in contrast to the pairs occurred by random. The observed frequency of a domain pair is calculated from the experimental data of protein interactions over the product of each domain frequency throughout the experimental data. By selecting an appropriate threshold as a reference, every association measure in domain level is dichotomized as predictors of protein interactions.
Features in hp-DPI
Easy target searching process in hp-DPI is achieved by ORFs, locus, or full-text search with keywords, generating immediate query reports in an output table. It is user's choice to select a preferred statistical threshold for inferred interactions or experimental data only for a graphical interaction map of a targeted protein through a click on the pull-down menu in the output table.
In the graphical map, prompt annotation box, containing detailed GO, KEGG, and Genbank annotation information of each protein node, pops out with a mouse-on for users' convenience, without trapping oneself in seeking annotation through complicated table listings. This handy application is available for linking edges to show the estimated probability of a specific interaction. With the help of GO and KEGG, preferred new targets can be easily identified by similar protein functions or the pathway they reside in. Functions of hypothesized proteins can be speculated through such a procedure as well.
The most common problem of constructing a protein network map is the chaos given rise by numerous nodes and edges crowded within a limited window screen. One of our solutions to that is the implementation of upper, down, and self-interact curve lines in addition to basic straight edges to reduce the complexity of a networking map. Three different patterns of connecting edges indicate different strength of interactions based on the association measures. Protein interaction relationships in a map can extend up to 3 levels.
An important usage of our prediction model, association measures, is to examine the validity of protein interactions derived from two-hybrid analyses. Although there have been skeptical arguments over the rightness of interactions observed in two-hybrid assay, it facile nature is still currently irreplaceable. Scrutinizing association measure of each observed interaction does give certain contradictory circumstances where possibility given out by hp-DPI is not equal to one (e.g. Interaction between gppA and HP0042 was observed but its association measure was estimated as 0.5). Therefore, our statistic model not only generates inferred interactions but also functions as an examining tool to point out possible false positive results derived from two-hybrid experiments.
Conclusions
hp-DPI revolutionized currently existing databases of H. pylori protein interactions by incorporating the association measures to infer putative interacting relationships among proteins from domain interactions. It performs as a convenient user-friendly interface integrated with rapid graphical networking maps plus instant gene annotation. With the power of combining experimental and inferred interactions, hp-DPI is capable of filtering out false experimental data, annotating ORFs without available functional expositions, and offering proper candidates to narrow down the scale of further high-throughput screening and validating experiments for drug targets. Specific protein-protein and protein-ligand interactions are central to most biological processes and are the focus of many avenues of research to develop small molecule-based therapies that will disrupt these essential interactions. Hence, it is foreseen that the developmental process of anti-H. pylori drugs will be remarkably expedited by diminishing the research time and cost with such a tool as beneficial as hp-DPI. In the near future, we anticipate this platform to be applied to various organisms with massive interactions, leading to decipher more secrets of other life forms.
